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1. Definitions, Historical Aspects, and Perspectives

Dating from the seminal work of Fujishima et al. issued in 1971 [1], titanium dioxide (TiO2) is at
the center of intense research devoted to the development of efficient photocatalysts. Among the many
candidates for photocatalytic applications, TiO2 is almost the only material suitable for industrial use.
This is because TiO2 shows a good trade-off between efficient photoactivity, high stability, and low
cost [1,2]. The principal applications deal with the use of TiO2 as a photocatalyst for environmental
remediation both in polluted air and waste water treatment [3] and as a material in solar cells [3,4].

The main drawback of TiO2 photocatalysts still remains their inability for visible light absorption
and photoconversion, and most recent research activities have been devoted to the improvement of the
optical absorption properties of TiO2 nanomaterials. Strategies including doping; self-doping; and the
realization of composites with plasmonic materials, 2D materials, other semiconductors, and quantum
dots are of particular interest [1,2]. Black-TiO2 visible light active photocatalysts [5], antimicrobial
materials [6], photoelectrochemical devices for water splitting, and CO2 photoreduction [7] are among
the hot topics. The rational design elements of interests for efficient TiO2 catalysts are optical properties,
nanocrystal shape, and organization in superstructures. On the other hand, precise crystal shape
(and homogeneous size) and organization in superstructure from ultrathin films to hierarchical
nanostructures have been demonstrated to be critical for obtaining photocatalyst with high efficiency
and selectivity.

The present Special Issue of Catalysts is aimed at presenting the current state of the art in the
use of TiO2 as a photocatalyst, with a special emphasis on new TiO2 nanomaterials (both powdered
catalysts and photoelectrodes) for photocatalytic water splitting, CO2 reduction, and environmental
remediation. In the present Special Issue, we have invited contributions from leading groups in the
field with the aim of giving a balanced view of the current state of the art in this discipline.

2. This Special Issue

Dr. Alberto Naldoni and I were honored to accept the kind invitation by Assistant Editor Shelly
Liu to act as editors of this Special Issue. We tried to acquire possible authors able to contribute with
high-level papers and reviews and we hope we succeeded in this task. This is particularly due to the
wonderful and uncomplicated cooperation of Assistant Editor Shelly Liu and her competent team.
Moreover, I owe particular thanks to all the authors who contributed their excellent papers to this
Special Issue that is comprised of 11 articles, among them 3 reviews, covering key aspects of this topic
together with a variety of innovative approaches.

Three comprehensive reviews cover most recent advances in key areas, such as electron transfer
dynamics, brookite-based photocatalysts, and copper-modified titania.

The review by Kohtani et al. [8] summarizes the recent progress in the research on electron transfer
in photoexcited TiO2. In particular, the authors point out the key role of the precise control of the
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structural properties, that is, the maximization of surface shallow traps and minimization of density of
deep traps as well as inner (bulk) traps in the development of highly active photocatalysts. The authors
also highlight, as a promising strategy, the use of highly uniform TiO2 nanocrystals with specific
exposure of the reactive facets.

Monai et al. [9] provides a comprehensive review of the advancement in the applications of
brookite as a photocatalyst. First, the most advanced synthetic methodologies to produce pure brookite
and well-defined brookite-containing composites are presented, together with some guidelines for
thorough characterization of the materials. Finally, structure/activity relations are summarized and a
perspective on the future development of brookite nanostructured materials is given.

The review by Janczarek and Kowalska [10] focuses on the performance enhancement by copper
species for oxidative reactions due to their importance in environmental remediation. Two key factors
are identified and discussed: plasmonic properties of zero-valent copper and heterojunctions between
semiconductors (titania and copper oxides) including novel systems of cascade heterojunctions.
The role of particle morphology (faceted particles, core-shell structures) is also described. Finally,
future trends of research on copper-modified titania are discussed.

Synthesis of novel nanostructures by different preparation routes is addressed in the papers
by Nunes, Liu, and Zelny [11]. Microwave irradiation proved to be an effective synthesis route to
produce TiO2 nanorod sphere powders and arrays at low process temperatures using water as a
solvent. The remarkable photocatalytic activity under UV and solar irradiation was ascribed to the
presence of brookite but also depends on the nanorod, sphere, and aggregate sizes.

A fast anodizing method [12] was employed to synthesize large-scale (e.g., 300 × 360 mm)
pinecone nanostructured TiO2 films. The pinecone TiO2 possesses strong solar absorption and exhibits
high photocatalytic activities in photo-oxidizing organic pollutants in wastewater, producing hydrogen
from water under natural sunlight. This work shows a promising future for the practical utilization of
anodized TiO2 films in renewable energy and clean environment applications.

A promising approach to fabricate nanostructured TiO2 films on transparent substrates is
self-ordering by the anodizing of thin metal films on fluorine-doped tin oxide (FTO) coupling pulsed
direct current (DC) magnetron sputtering for the deposition of titanium thin films on conductive glass
substrates and anodization and annealing for the TiO2 nanotube array [13]. Zelny et al. reported
a detailed investigation of mechanical and adhesion properties of Ti films sputtered at different
temperatures, showing that a more active TiO2 nanotube sample towards photoelectrochemical water
splitting was obtained from a Ti substrate sputtered at 150 ◦C, showing the lowest crystallite size,
best degree of self-organization, and enhanced charge transfer at the semiconductor/liquid interface.

The use of plasmonic nanomaterials in photocatalysis [14] has gained great attention due to their
ability to enhance the reaction yield of semiconductor photocatalysts. In this contribution, Bao et al.
coupled plasmonic Ag nanoparticles to high-surface-area TiO2 nanofibers to achieve a very active
photocatalyst toward dye molecule degradation, showing enhanced performance when using the
plasmonic Ag/TiO2 material.

Composites made by semiconductor and graphene [15] are particularly promising to enhance
photogenerated charge separation due to the high electrical conductivity of graphene-based
nanomaterials. In this article, a new route to couple graphene to TiO2 was reported, showing the
possibility of using ultrasonication to increase the processability and scalability of composite materials
for enhanced photocurrent generation and photocatalytic dye degradation as well.

Bernareggi et al. [16] report a strategy based on flame spray pyrolysis to produce Cu- and
Cu–Pt-modified TiO2 for photocatalytic hydrogen production. An optimal loading of 0.05% Cu was
found for the most active photocatalyst, which only contained Cu.

Nonmetal doping [17] is a very common approach to increase the light absorption and therefore
the photocatalytic efficiency of TiO2. In this report, S-doped TiO2 photocatalysts were synthesized
and tested for methylene blue photodegradation. An extensive FTIR investigation shined light on the
structure–activity relationship of the prepared materials.
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The article by Selli et al. [18] provides a new approach for the computational modeling of large
titanium dioxide nanoparticles with diameters from 1.5 nm (~300 atoms) to 4.4 nm (~4000 atoms), usually
too demanding for theoretical calculation. The authors investigated photoexcitation and photoemission
processes involving electron/hole pair formation, separation, trapping, and recombination and provided
a description of the titania/water multilayer interface—a relevant case study for photocatalytic systems.

In conclusion, the special issue “Titanium Dioxide Photocatalysis” should be of great interest
for all of those involved in the various aspects of this topic, which are discussed in the contributions
and review articles. They introduce new synthetic procedures, modeling of structures and reactivity,
novel nanostructures, and plasmonic composites, thereby meeting the state of the art of both scientific
and technical standards.

References

1. Schneider, J.; Matsuoka, M.; Takeuchi, M.; Zhang, J.; Horiuchi, Y.U.; Anpo, M.; Bahnemann, D.W.
Understanding TiO2 Photocatalysis: Mechanisms and Materials. Chem. Rev. 2014, 114, 9919–9986. [CrossRef]
[PubMed]

2. Ge, M.; Cao, C.; Huang, J.; Li, S.; Chen, Z.; Zhang, K.-Q.; Al-Dey, S.S.; Lai, Y. A review of one-dimensional
TiO2 nanostructured materials for environmental and energy applications. J. Mater. Chem. A 2016, 4,
6772–6801. [CrossRef]

3. Shahrezaei, M.; Babaluo, A.A.; Habibzadeh, S.; Haghighi, M. Photocatalytic Properties of 1D TiO2

Nanostructures Prepared from Polyacrylamide Gel–TiO2 Nanopowders by Hydrothermal Synthesis. Eur. J.
Inorg. Chem. 2017, 3, 694–703. [CrossRef]

4. Kment, S.; Riboni, F.; Pausova, S.; Wang, L.; Wang, L.; Han, H.; Hubicka, Z.; Krysa, J.; Schmuki, P.; Zboril, R.
Photoanodes based on TiO2 and α-Fe2O3 for solar water splitting—Superior role of 1D nanoarchitectures
and of combined heterostructures. Chem. Soc. Rev. 2017, 46, 3716–3769. [CrossRef] [PubMed]

5. Yan, X.; Li, Y.; Xia, T. Black Titanium Dioxide Nanomaterials in Photocatalysis. Int. J. Photoenergy 2017, 2017,
8529851. [CrossRef]

6. Fu, G.; Vary, P.S.; Lin, C.-T. Anatase TiO2 Nanocomposites for Antimicrobial Coatings. J. Phys. Chem. B 2005,
109, 8889–8898. [CrossRef] [PubMed]

7. Zhang, L.; Can, M.; Ragsdale, S.W.; Armstrong, F.A. Fast and Selective Photoreduction of CO2 to CO
Catalyzed by a Complex of Carbon Monoxide Dehydrogenase, TiO2, and Ag Nanoclusters. ACS Catal. 2018,
8, 2789–2795. [CrossRef]

8. Kohtani, S.; Kawashima, A.; Miyabe, H. Reactivity of Trapped and Accumulated Electrons in Titanium
Dioxide Photocatalysis. Catalysts 2017, 7, 303. [CrossRef]

9. Monai, M.; Montini, T.; Fornasiero, P. Brookite: Nothing New under the Sun? Catalysts 2017, 7, 304. [CrossRef]
10. Janczarek, M.; Kowalska, E. On the Origin of Enhanced Photocatalytic Activity of Copper-Modified Titania

in the Oxidative Reaction Systems. Catalysts 2017, 7, 317. [CrossRef]
11. Nunes, D.; Pimentel, A.; Santos, L.; Barquinha, P.; Fortunato, E.; Martins, R. Photocatalytic TiO2 Nanorod

Spheres and Arrays Compatible with Flexible Applications. Catalysts 2017, 7, 60. [CrossRef]
12. Liu, Y.; Zhang, Y.; Wang, L.; Yang, G.; Shen, F.; Deng, S.; Zhang, X.; He, Y.; Hu, Y.; Chen, X. Fast and

Large-Scale Anodizing Synthesis of Pine-Cone TiO2 for Solar-Driven Photocatalysis. Catalysts 2017, 7, 229.
[CrossRef]

13. Zelny, M.; Kment, S.; Ctvrtlik, R.; Pausova, S.; Kmentova, H.; Tomastik, J.; Hubicka, Z.; Rambabu, Y.;
Krysa, J.; Naldoni, A.; et al. TiO2 Nanotubes on Transparent Substrates: Control of Film Microstructure and
Photoelectrochemical Water Splitting Performance. Catalysts 2018, 8, 25. [CrossRef]

14. Bao, N.; Miao, X.; Hu, X.; Zhang, Q.; Jie, X.; Zheng, X. Novel Synthesis of Plasmonic Ag/AgCl@TiO2

Continues Fibers with Enhanced Broadband Photocatalytic Performance. Catalysts 2017, 7, 117. [CrossRef]
15. Zabihi, F.; Ahmadian-Yazdi, M.; Eslamian, M. Photocatalytic Graphene-TiO2 Thin Films Fabricated by

Low-Temperature Ultrasonic Vibration-Assisted Spin and Spray Coating in a Sol-Gel Process. Catalysts 2017,
7, 136. [CrossRef]

16. Bernareggi, M.; Dozzi, M.; Bettini, L.; Ferretti, A.; Chiarello, G.; Selli, E. Flame-Made Cu/TiO2 and
Cu-Pt/TiO2 Photocatalysts for Hydrogen Production. Catalysts 2017, 7, 301. [CrossRef]

http://dx.doi.org/10.1021/cr5001892
http://www.ncbi.nlm.nih.gov/pubmed/25234429
http://dx.doi.org/10.1039/C5TA09323F
http://dx.doi.org/10.1002/ejic.201600820
http://dx.doi.org/10.1039/C6CS00015K
http://www.ncbi.nlm.nih.gov/pubmed/28397882
http://dx.doi.org/10.1155/2017/8529851
http://dx.doi.org/10.1021/jp0502196
http://www.ncbi.nlm.nih.gov/pubmed/16852057
http://dx.doi.org/10.1021/acscatal.7b04308
http://dx.doi.org/10.3390/catal7100303
http://dx.doi.org/10.3390/catal7100304
http://dx.doi.org/10.3390/catal7110317
http://dx.doi.org/10.3390/catal7020060
http://dx.doi.org/10.3390/catal7080229
http://dx.doi.org/10.3390/catal8010025
http://dx.doi.org/10.3390/catal7040117
http://dx.doi.org/10.3390/catal7050136
http://dx.doi.org/10.3390/catal7100301


Catalysts 2018, 8, 591 4 of 4

17. Cravanzola, S.; Cesano, F.; Gaziano, F.; Scarano, D. Sulfur-Doped TiO2: Structure and Surface Properties.
Catalysts 2017, 7, 214. [CrossRef]

18. Selli, D.; Fazio, G.; Di Valentin, C. Using Density Functional Theory to Model Realistic TiO2 Nanoparticles,
Their Photoactivation and Interaction with Water. Catalysts 2017, 7, 357. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/catal7070214
http://dx.doi.org/10.3390/catal7120357
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Definitions, Historical Aspects, and Perspectives 
	This Special Issue 
	References

